through a culdoscopic opening [2] .
The initial application for laparoscopy was diagnostic only, however this tool rapidly became popular across the world for viewing and diagnosing of a wide range of intraabdominal pathology [1] . The technique improved with the descriptions and inventions of the Trendelenburg position in 1912, the use of needle insertion to obtain pneumoperitoneum, and the creation of the dual-trochar technique, which opened the door to operative laparoscopy.
Gynecologists were among the f irst surgeons to pioneer operative laparoscopic techniques. Therapeutic procedures, including: tubal ligation, ovarian cystectomy, incision and drainage of tubo-ovarian abscesses, and lysis of pelvic adhesions were described starting around 1933 [1, 2] . Laparoscopy was slow to advance between 1940 and 1960 in the United States. One of the most critical advances occurred, however, in 1952 with the invention of the Hopkins
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Past, present, and future of laparoscopic renal surgery rods-lens system, which improved optics and thus gave confidence in performing more complicated laparoscopic surgery [1] .
With gynecologists being the f irst to advance the techniques of the field, Kurt Semm [3] , a gynecologist by training, was the f irst to perf orm a laparoscopic appendectomy in 1983. Following, the first laparoscopic cholecystectomy was performed in 1987 [2] .
HISTORY OF LAPAROSCOPIC RENAL SURGERY
With success of laparoscopy in other disciplines, Ralph Clayman and his team at Washington University began to explore the potential for laparoscopic nephrectomy. After multiple laboratory experiments on pigs and observation of general surgery laparoscopy, they successfully completed the first laparoscopic nephrectomy at Washington University in 1990 [4] . In a 1991 letter to the editor in The New England Journal of Medicine, they described their operation. The patient, an 85-year-old woman, had a 3-cm asymptomatic right middle lower pole renal mass discovered on computed tomography (CT) scan for a trauma work-up. Following Investigation Review Board approval, the patient underwent preoperative embolization with ethanol under intravenous sedation. She was taken to the operating room, a ureteral catheter was inserted to help identify the ureter, and five laparoscopic ports were used for dissection. The kidney was successfully dissected, and was removed by morcellation. In total, the operation lasted seven hours, and the patient was discharged on postoperative day 6 [5] .
As laparoscopic nephrectomy became more widespread, urologists began to advance their techniques. In 1995 a paper published by Winfield et al. [6] described their success of laparoscopic partial nephrectomy in 4 patients. Around the same time, the first laparoscopic live donor nephrectomy was performed by Dr. Kavoussi and colleagues at Johns Hopkins University in 1995 [7] . As techniques were refined, average operative time and length of stay both improved, and exploration of other laparoscopic urologic surgeries such as laparoscopic nephroureterectomy and retroperitoneal lymph node dissection began to emerge [4] . Initially the laparoscopic nephrectomy was slow to be adopted widely, secondary to increased operative time and the significant learning curve [4] . By 1998, a multi-institutional review found that 5-year survival was equivalent among open and laparoscopic nephrectomy groups [4] . The benefit of laparoscopic surgery, however, included signif icantly reduced postoperative analgesia requirements (9 fold) and intraoperative blood loss [4] . Eventually with more widespread adoption and the increased benefits, laparoscopic radical nephrectomy became the gold standard for renal tumors not amenable to partial nephrectomy [4] .
With advancing robotic technology and the development of the DaVinci system, urologists began to explore the realm of robotic-assisted urologic surgery. In 2004, Gettman et al. [8] published a paper describing their experience with robotic-assisted laparoscopic partial nephrectomy. Robotic surgery offered the benefit of increased dexterity and range of motion, 3-dimensional viewing, and a shortened learning curve compared to purely laparoscopic dissection and suturing [4] . Multiples studies of robotic versus laparoscopic partial nephrectomy have demonstrated equivalent perioperative outcomes in regards to average operative time, hospital length of stay, complications, and positive margins [9] . One of the biggest differences between the 2 techniques appears to be the associated cost. A 2012 study by Yu et al. [10] found robotic partial nephrectomy to cost an average of $1,600 more per person or an additional 6% per case compared to laparoscopic partial nephrectomy.
With increasing advances in technology, the interest in advancing minimally invasive procedures was high, and the concepts of NOTES and laparoendoscopic singlesite surgery (LESS) developed. NOTES, short for natural orifice transluminal endoscopic surgery, is a selective type of minimally invasive surgery that functions to decrease the number of incisions as well as to eliminate postoperative scar appearance. The first application of NOTES in renal surgery occurred in 2002, Gettman et al. [11] described a transvaginal laparoscopic nephrectomy in a pig. Following this publication, several papers began to appear in the literature on this subject. In addition, laparoendoscopic single site surgery, or LESS, began to evolve in renal surgery. In 2008, Desai et al. [12] published the first paper describing a laparoscopic nephrectomy through a single abdominal incision.
CURRENT TRENDS
The use of laparoscopic renal surgery in improving patient outcomes when compared to open renal surgery has been supported by the literature. A large retrospective study of over 14,000 patients undergoing open versus laparoscopic total or partial nephrectomies found that patients undergoing laparoscopic surgery had decreased rates of surgical site infection, sepsis, pneumonia, return to the operating room, need for blood transfusion, and length of stay [13] .
With recognition of the benefits of nephron-sparing surgery in terms of equivalent oncologic and superior renal function outcomes, there is an increased drive to perform laparoscopic partial nephrectomies [14] . While once reserved for cases of bilateral renal masses or solitary kidney with a mass, partial nephrectomy has now become the preferred standard when feasible [14] .
As the average life expectancy increases, and the number of small, incidental renal masses found on CT scan increases-particularly in the elderly-the role of observation versus intervention becomes increasingly uncertain. Previously, thermal or cryoablation techniques were limited to small renal masses in poor surgical candidates. In further outcome studies, however, the local recurrence rates of cryotherapy (4.6%) or radiofrequency ablation (11.7%) were f ound to be similar to partial nephrectomy, thus questioning the role of partial nephrectomy in this population [4] . Most recently, studies have examined the combination use of laparoscopic radio frequency ablation versus laparoscopic partial nephrectomy alone, and have found a decrease in operative blood loss, operative time, and hospital length of stay [15] . Most likely, as targeting improves accuracy, percutaneous ablative therapies will supplant the laparoscopic approach.
FUTURE LAPAROSCOPIC RENAL SUR-GERY
Laparoscopic renal surgery is far from being perfected. As the incidence of renal cell carcinoma increases with the aging and increasingly morbid population, the incidence of renal incidentaloma will only rise. Goals for the future of laparoscopic renal surgery include improving outcomes, decreasing morbidity and mortality, and decreasing length of recovery while trying to be cost effective and as least invasive as possible.
As technology expands, so will the capabilities of LESS and NOTES as new instruments are designed. As robotic technology improves, new and f uture robots hope to include haptic and force feedback to assist in completing increasingly difficult operations [16] . Additionally, future developments aim to decrease intervariability of performance with decreased learning curve in an effort to improve and standardize patient outcomes [16] .
The primary limitation of LESS currently involves the ability to dissect in a triangulation approach as well as the close proximity of instruments. With robotic advancements, newer robots will have better flexibility and ability to perform from a single port site [4, 16] . Potential natural orifices that have been explored in animal studies include transgastric, transvaginal, transcolonic, and transvesical approaches [16] .
An emerging trend is computer-assisted surgery (CAS), which is the integration of computer technology f or presurgical planning and guiding, and includes the fields of surgical robots as well as image-guided system and augmented reality (AR) [16] . Future robotic applications include image-guided robots that through use of CT, magnetic resonance imaging, or ultrasound, aid in safely introducing instruments or needles into the kidney [16] . Such systems would help in reducing inadvertent organ injury such as obtaining percutaneous access for nephro lithotomy. AR is the overlay of a 3-dimensional reconstructed image (from preoperative imaging) onto a live video. With increasing push to perform LESS and NOTES, AR technology can help in identifying organs as well as orientating structures and position from novel approaches [16] . Such technology would also allow f or improved identification of renal masses with the aim of increasing complete tumor resection rate while minimizing removal on healthy renal parenchyma.
Lastly, the future of advancements in laparoscopic renal surgery consists of improving and standardizing training in an effort to reduce adverse surgical events and improve outcomes. The GOALS score, short for Global Operative Assessment of Laparoscopic Skills, is a validated global rating scale for laparoscopy and consists of 5 categories: depth perception, bimanual dexterity, efficiency, tissue handling, and autonomy, that are evaluated by a blind observer [17] . Multiple studies have attempted to investigate the best method for introducing new trainees to laparoscopy, and how to best shorten the learning curve and minimize adverse events. In a recent blinded, three-arm study of general surgery resident, 30 residents were assigned to one of 3 groups. The control group had a traditional intraoperative laparoscopic learning model in which the surgeon taught the trainee intraoperatively. The second group received intensive simulated training prior to real life exposure, and the third group was a blend between the first 2 groups. In their investigation, they found the second group to have the shortest learning curve on GOALS assessment, and they were able to perform their procedures more quickly and accurately with decreased adverse events than the other 2 groups [17] . From this study, the author argues that simulation modules are important curriculum component prior to "hands on" operative experience, although larger studies are needed.
